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Flux line lattices in superconductors,
skyrmion lattices

Magnetic nanoparticles

Films and nano-structured, engineered
samples

Phase separated systems,
nanocrystalline materials
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Research areas of interest
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Schematic of a typical SANS instrument
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Nuclear or magnetic scattering ?
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Non-spin flip
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Results with full polarisation analysis
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TE + I’;U‘) L-{r(r) — EL{I"J Schrodinger equation

Born approximation — interaction potential V(r) treated as a perturbation

OK if scattering is weak, then this is encapsulated by
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. 27 27 o
I"I’.k.cr—}k",a ?u‘”k |Ik Q H’ ‘kﬂw fi Pk’ /.?-"'I:k”-‘tcr" V Yk Xa dr
V(r) is Fermi
dr:r' 1 Z W Differential cross-section:
dQ o, d@ K,a—khal  orobability of neutrons

k'e d2 scattering into solid angled Q

Revision: non-magnetic scattering
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do Mn \? ik'.r v/ ik.r D
A —1K .1 1/ X etector
dS2 (Q.rh? ) ‘ / ¢ Vet dr Is Element Area
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Scattering vector Q = k =k — K’ Q- _4; sin 8
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N scatterers each centred at _Rj with same s _ Z Vir—R,)
(non-overlapping) potential , *
J
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Structure factor

Revision: non-magnetic scattering



7 Nuclear magneton

. o Interaction potential —;LH — —-",r-',tf-NUZH
& =

Zrnp

:

o Is Pauli spin operator
Neutron gyromagnetic ratio
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P, describes polarisation of incident beam

fkf

. H is everywhere parallel _ _
| . | H = (0,0, H)
Simple case ! and unpolarised neutrons C
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Magnetic scattering
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Flux line lattices in (Type-Il) superconductors

H is everywhere parallel

H=(0,0,H)
do Mn \2 9 o g 56y B . <
T = (%rhg ) Y un| | H(r)e™ dr| S(k)

Magnetic scattering

Simple case !  and unpolarised neutrons
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Halpern-Johnson . 1 n 7 A
vector | Qi = 2 (kA (mj AK)) = K(A.m;) —m,;

ONLY component of m perpendicular to k is effective in scattering neutrons

do*T I & g xi—x;) ] N
o @ = e (b ibh g & bn b Q5.
eV

Non Spin-Flip £ b2 b, Q. + b bl ijQ;)

doTF 1 :

- gL (X —X5) h*
o @ = e P bi,ibry, ;
i,]

Spin-Flip X (QMQ; T Q'iy@;y Fiz.(Qi A Qj))

Magnetic scattering from dipole fields



Reactor

Velocity
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Collimator

Monitor

Yy

beam
6 X
H, z
SANS, so

K = (0,sin#, cosf)

m = (X,Y,Z)

—X
—Y cos? 0 + Zsinf cos @
—7Zsin®0 + Y sin @ cos 0

Magnetic, polarised SANS from dipole fields
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Selector _
l Collimator
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8 X
/ H, z
Monitor
Reactor SANS, so
K = (0,sin#, cosf)
m = (X,Y, Z)
doTE 1 i (% —x;) . ) ) o
0 (a) = v ZD BTN, 0 s F (b,,.4b7, 25+ by, _jbm.iZ.i) sin“ ¢
Clal / — ' ta N N
i,

+ (bn,?’.b:ﬂ‘j Y+ by, bin,:Y:) sin 6 cos 6

+ byib?, (Z?-_Zj sin® 0 — (Y;Z; + Z;Y;) sin® 0 cos 0

+Y;Y; sin® 0 cos® 9))

Non Spin-Flip

Magnetic, polarised SANS from dipole fields
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l Collimator Sample
E‘EJ - r N beam
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Monitor
Reactor SANS. so
K = (0,siné, cosf)
m = (X,Y,Z)
dotF 1 i (e —xs ) o . \
d(? (q) - F Z € T xs)b?n?i m,J (Jig,)ij + }”E"}j cos™ f
LIW)

— (YiZ; + Z;Y;) sin@ cos® 8 + Z; Z; sin” 6 cos” {9)

Spin-Flip

Magnetic, polarised SANS from dipole fields



R, = pax + vby

2

2
S(H) = Zeiﬂ"RJ —
J

M—1 M—1
§ :ei-{"‘aﬁ‘iﬂ z :eiubﬁ.y
=0 r=>0
Finite number of particles N = M?

sin?(ak, M /2) sin®(br, M/2)
sin*(ars/2) Siﬂz(bﬁjy/z)

S(k) =

h k : _
Kmazima = 27 | —, — | = Gk reciprocal lattice
a b vector

b*

Peak width ~ 1/v/N L a*
“ S(E) — 5(,&; — G)

Structure factor



®, =B A
=> q~0.007 A for B=200mT
=> 0~0.3°at A~10A
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Sum over this rocking curve

Structure factor — rocking curve



500
189 Flux line lattices in superconductors,

71.5 skyrmion lattices

M
27.1 2 | |
102 = Magnetic nanopatrticles
387 & _ |
147 & Films and nano-structured, engineered
055 2 samples
021 °
0.08 Phase separated systems,
0.03 nanocrystalline materials

Typical structure and form factors observed



Fn(k) ~ Anf(k)

Fy (k) ~ [AQ[ f(k)
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Autocorrelation function
(k AN (Am A K))
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4 +
—(g) = —fCN(r) sin(gr) rdr
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Cn(r) = Co exp(—r«k)
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Nuclear scattering length density

N@) =) bog pa(®)

Cn(r) = %f AN (x) AN (x +r)d’x

Phase separated systems,
nanocrystalline materials

Co
Cn(r) = — exp(—r«)
rK

dx 4 Cok ™!

E(Q)
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K2+ q?

Typical structure and form factors observed



Phase separated systems,
nanocrystalline materials
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Typical structure and form factors observed



